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Abstract of Thesis 

APPLICATION OF HIGH DYNAMIC RANGE PHOTOGRAPHY TO BLOOD STAIN 

ENHANCEMENT PHOTOGRAPHY 

 

In order to assist in bloodstain pattern analysis, it is common practice to apply 

chemiluminescent reagents to the bloodstain to enhance the patternôs visibility and then 

photograph the results.  One limitation encountered using the traditional method of 

chemiluminscent photography is that normal cameras do not have the dynamic image 

capability to capture both the chemiluminescence and the surrounding area in detail.  This 

study proposed an alternative method of photographing enhanced bloodstains, using high 

dynamic range (HDR) techniques to capture the textures and details visible in ambient 

light as well as enhance the bloodstain visibility.  This research used a sequence of low 

dynamic range (LDR) images to create a composite HDR image.  The sequence consisted 

of several photographs in ambient light and one photograph in darkness using 

BLUESTAR
®
FORENSIC.  It was shown that the composite HDR merge was able to 

display fine detail from the ambient light photographs as well as visually enhance the 

bloodstain.  However, the composite merge suffered from color distortion and pixilation 

in the final image.   
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Chapter 1: Intr oduction 

1.1 Definition of Color  

The human eye has the ability to see a specific range of wavelengths, called the 

visible spectrum.  The visible spectrum ranges from 390nm, seen as violet, to 750nm, 

seen as red.  The human eye is most sensitive to wavelengths in the 550nm range, which 

is seen as a green color (Kaiser & Boynton, 1996).  White light is seen when all the 

wavelengths combine together in equal amounts.  When white light hits an object, certain 

wavelengths of light are reflected from the surface back towards the eye.  Other 

wavelengths are absorbed into the surface, changing the composition of light reaching the 

eye.  The color of an object is defined by the light that it reflects and absorbs. 

 There are three terms used to describe color.  These are hue, saturation and 

brightness.  All three are subjective descriptions based on the viewerôs observations.  Hue 

describes the actual color, or color combination, that the object appears to the eye.  There 

are four unique hues: red, yellow, blue, green.  All other hues are produced through 

combinations of the four unique hues.  Color combinations such as blue-green and purple 

(red and blue) are considered hues.  The saturation of a hue is determined by the amount 

of white present in the mixture.  For example, a dark blue-green with little to no white 

will have a high saturation value while the same ratio of blue to green mixed with more 

white will produce the same hue but a lower saturation (Kaiser & Boynton, 1996).  

Brightness is a color term that defines the light emission of an object.  Usually brightness 

is determined by comparison of the object to another one in view; this is termed relative 

brightness.  Brightness perception can range from ñbright to dimò (Reinhard, Ward, 
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Pattanaik, & Debevec, 2006).  The brightness of an object is usually directly related to 

the intensity of the light reflecting from its surface back to the eye (Kaiser & Boynton, 

1996). 

1.2 Human color vision 

The human eye has a very wide range in its ability to perceive color.  This ability 

stems from the mechanisms inside the eye itself.  When light enters the human eye, it 

passes through the pupil and the vitreous fluid to the very back of the eyeball, the light 

hits the retina.  On the retina are thousands of photoreceptors, which are sensors in the 

eye that capture light and initiate the light transmission signal to the brain.  There are two 

types of photoreceptors, cones and rods (Reinhard, Ward, Pattanaik, & Debevec, 2006). 

The cone is the tapering photoreceptor that plays a vital role in human color 

vision.  Cones are activated in bright light conditions, such as sunlight and moonlight.  

When only the cone photoreceptors are 

stimulated, it is referred to as photopic 

vision.  There are three types of cones, each 

adapted to a specific wavelength.  These 

wavelengths are short, medium, and long 

wavelengths and are usually referred to as S-

cone, M-cone, and L-cone respectively.  The 

S-cone is most sensitive to blue hues, the M-

cone to green hues and the L-cone to red hues.  There are no structural differences 

between the three types of cones, although the M-cone and L-cone are more closely 

Figure 1: Table of S-, M-, and L-Cone Sensitivity1 

http://upload.wikimedia.org/wikipedia/en/1/1e/Cones_SMJ2_E.svg
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related in their wavelength absorption and their response times (Kaiser & Boynton, 

1996).  The eye processes information from all three cone types to interpret color, making 

it a trichromatic system.  In a trichromatic system, three primary colors are used to create 

every other color through different combination and saturations of the three primaries 

(Reinhard, Khan, Akyuz, & Johnson, 2008).  Figure 1 provides a visual of the different 

sensitivity ranges of the S-, M-, and L-Cones
1
.  

The second photoreceptor, the rod, is a cylindrical, sensitive photoreceptor that is 

activated during dark conditions.    The rod does not have the ability to discern color, 

only intensity of light (Blitzer & Jacobia, 2002).     When exposed to only dim light, the 

cones are not activated and only rods are actively conveying light information.  This is 

known as scotopic vision.  The rods achromatic intensity determination results in an 

inability in humans to distinguish color during dim situations. As Kaiser and Boynton  

point out, humans are still able to distinguish items at night without interpreting hue and 

saturation because we can identify differences in brightness values between objects.  The 

relative brightness of objects, however, will be reduced when viewing objects through 

scotopic vision because the peak sensitivity for rods is around 505nm (Kaiser & Boynton, 

1996).   

The rod and cone system is what allows for the human eye to adapt to different 

light environments while maintaining vision.  Humans have the ability to visualize items 

over a range of fourteen orders of magnitude, or 10^14.  This range is known as the 

dynamic range.  The dynamic range is a ratio describing the highest difference in contrast 

                                                 

 

1
 Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free 

Documentation License, Version 1.3 or any later version published by the Free Software Foundation 
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that can be seen.  A dynamic range of 10^14 means that the eye has the ability to view an 

object with an intensity of X and the ability to view an object with an intensity one 

hundred trillion (i.e., 100,000,000,000,000) times greater than X (Bloch, 2007).  This 

range is extremely wide but required when one considers the range of light environments 

that occur during a normal 24-hour period.  Moving from outside during a bright sunny 

day to a hazy night sky will result in around ten orders of magnitude difference. 

Obviously, these different environments will result in different photoreceptor 

stimulations; sight during a hazy night is completely controlled by the rod 

photoreceptors, while sight outside under a bright sun is completely controlled by the S-, 

M-, and L-cone photoreceptors.  There are also conditions that fall between the two 

extremes that are regulated by both the rods and the cones.  When both cones and rods 

are active, it is termed as mesopic vision (Stockman & Sharpe, 2006).   

Although the range of human vision extends fourteen orders of magnitude, the 

human eye is only capable of distinguishing a range of about five orders of magnitude at 

one time.  Therefore it has a dynamic range of about 500,000:1.  It uses adaptation 

methods to move the currently visualized five orders of magnitude around the eyeôs full 

dynamic range.  If the eyes have been adapted to scotopic vision and are moved into a 

bright light environment, the adaptation is called light adaptation.  Light adaptation is a 

relatively quick process, reaching full vision capacity in around five minutes.  If the eyes 

have been adapted to photopic vision and are moved into a dim light environment, the 

adaptation takes longer.  Dark adaptation, as this is referred to, can take up to thirty 

minutes to complete.  Since the adaptation is slower, the human eye will start to 

distinguish items one at a time as opposed to suddenly adapting to the entire 
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environment.  When exposed to a scene that has more than five orders of magnitude 

present, the eye can localize its adaptation to a specific region of the scene by focusing on 

it.  This allows the eye to view contrast in wide dynamic range situations. 

1.3 Digital Image Capture 

The goal of photography is to capture the scene as it appears to the human eye.  

The problem photographers face is that the average digital camera only has a dynamic 

range of about two orders of magnitude (100:1).  Because of the small dynamic range, 

images captured using a standard digital camera are considered low dynamic range 

(LDR) images.  Since the human eye is capable of visualizing around five orders of 

magnitude at one time, a photograph taken with the average consumerôs digital camera 

will always lack contrast visible to the naked eye.  Because of this, the photograph will 

not display as much detail in the photograph.   

  

Figure 2: Low Dynamic Range Photography Limitations 
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For example, Figure 2 portrays a normal scene with an extended dynamic range.  

The sky and the front of the building are multiple orders of magnitude apart from one 

another and cannot be correctly exposed in the same image.  In order to expose the sky 

correctly, the front of the building is dark and lacks detail in the shadow areas.  If the 

camera is set to expose the building correctly, the sky is made so light that none of the 

cloud detail can be reproduced.  In order to accurately reproduce the dynamic range 

visible to the human eye, photographers and other industries have turned towards high 

dynamic range (HDR) photography.   HDR photography has an increased dynamic range 

in the photograph, allowing the image to expose details in dark and light sections of the 

photograph.  This also helps photographers capture images that more closely resemble 

the scene as the human eye sees it. 

To understand the specifics of high dynamic range imaging, itôs important to first 

understand the underlying principles of image capture.  Before discussing the principles, 

the author would like to address an inconsistency in nomenclature that can make 

understanding digital sensors confusing to the layperson.  In color display monitors and 

digital image output signals, the pixel is regarded as the smallest unit of an image.  

Within this pixel are a number of subpixels that are each assigned a primary hue.  It is the 

mixture of the subpixelsô information that allows each pixel to be colorized to match a 

specific portion of the image.  When discussing digital sensors, however, each of the 

subpixels is referred to as an individual pixel (Lyon, January 2006).   Because this 

distinction can be confusing when discussing both input and output pixel information, the 

author uses the output nomenclature for the remainder of the paragraph.   
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As stated previously, the pixel is the smallest unit of an image.  On a digital 

camera sensor, pixels are arranged in a regular pattern.  When light enters the camera 

lens, it travels onto the pixels, which record the intensity of light at that particular spot.  

Digital pixels are equivalent to the individual silver halide grains used in film 

photography.  In order to enhance the detail present on the image, film grains are made 

smaller and more numerous.  Digital pixels follow the same theory; in order to capture 

more details from an image the pixels are made smaller and more numerous on the 

sensor.  This allows more specific detail to be captured from the image, resulting in a 

higher resolution (Blitzer & Jacobia, 2002).   

1.3.A Color Image Creation 

On the digital sensor itself, each of the subpixels are colorless.  This means that 

each subpixel is unfiltered and will react to any wavelength of light (Sa, Carvalho, & 

Velho, 2007).  If the image is black and white, then an unfiltered subpixel is used because 

the only item the sensor is concerned with recording is the light intensity, which 

determines what shade of grey is recorded for that pixel.  However, to create a color 

image, each sensor needs to be filtered so that it is only sensitive to one wavelength.  This 

is done by adding a color array filter on top of the digital sensor.  A color array filter is a 

series of colored filters put over the subpixels in a specific pattern.  Each color filter is 

specific to a single primary color.  Color filter arrays work similarly to cones within the 

eye; both use three types of sensors to record three different wavelengths.  Thus color 

array filters work using the trichromatic theory, creating every color in the image by 

using a mixture of three distinct primary colors.  Most color cameras use the RGB 
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system, which uses red, green, and blue as the primary colors.  Since the subpixels are so 

small, they are not seen by the eye as individual components.  Instead, the subpixel 

information combines in the human eye to create a new color.   

One of the most common color filter arrays is the Bayer filter.  A Bayer filter uses 

four subpixels, shaped in a two by two square, to create a single output pixel.  An 

example of the Bayer filter is seen in Figure 3
2
.  A Bayer filter uses the RGB color 

system, with each block containing one red filter, one 

blue filter, and two green filters.  The green is given two 

subpixel locations to mimic the human eye, which has a 

greater sensitivity to the medium wavelengths 

(Reinhard, Khan, Akyuz, & Johnson, 2008).  Using a 

Bayer filter allows the subpixel to record only the 

intensity of the light while still maintaining the correct color. The intensity of the pixel is 

equivalent to the shade of the primary color filter above the sensor. 

1.3.B Digital Sensors 

When light enters a digital SLR camera, it travels through a series of mirrors to 

the digital sensor.  As long as the lens is open, light is entering the camera and hitting the 

sensor.  The sensor collects this incoming light, which allows it to determine the 

brightness, or intensity, of the light.  Once the lens closes, the digital camera sensor must 

                                                 

 

2
 This work is free software; you can redistribute it and/or modify it under the terms of the GNU General 

Public License as published by the Free Software Foundation; either version 2 of the License, or any later 

version. This work is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; 

without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. 

Figure 3: Example of a Bayer Color 

Array Filter 2 

http://upload.wikimedia.org/wikipedia/commons/3/37/Bayer_pattern_on_sensor.svg
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encoded this brightness information into a format that can be saved on a digital memory 

card.  It does this by generating a numerical code that describes the intensity and color of 

the incoming light (Blitzer & Jacobia, 2002).  Before it can attach the numerical code to 

the pixel, however, it must first ñreadò the light information from each signal.  There are 

two main sensor types present in digital cameras.  Each of these sensors works in a 

different way to transfer the light intensity into a voltage reading that can be read by the 

camera.  The most common type of sensor is the charge-coupled device (CCD) sensor.  

In a CCD sensor, the digital sensor is made up of tiny pixel sensors that capture light.  

While the light hits the sensor, it builds up a charge in the pixelôs sensor.  More light on a 

single pixel will create a larger charge, while areas of the image that donôt reflect a lot of 

light back to the sensor (i.e., lowlights) will build up a small charge.  Once complete, the 

charges are sent to the edges of the digital sensor where they go through an analog-digital 

converter (ADC).  The ADC transfers the charges into a digital signal that can be 

encoded into the cameraôs memory card.  Unfortunately, the sensors have a maximum 

charge capacity.  Once the maximum charge is hit, the sensor cannot increase its signal 

and will not record the additional light values.  This results in a capping brightness, after 

which point the camera is unable to distinguish one bright light from another.  There is 

also a lower limit, which is determined by the minimum charge that the sensor will 

convert to a digital encoding.  Any pixel charge lower than this minimum threshold will 

be encoded as pure black.  Because of the upper and lower threshold in a CCD sensor, the 

average CCD sensor in a consumer camera has a dynamic range of about 10 exposure 

stops, or about 3 orders of magnitude (Bloch, 2007). 
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Another common type of digital sensor is the complementary metal oxide 

semiconductor (CMOS) sensors.  CMOS sensors are also made up of tiny pixel sensors, 

but each sensor contains its own ADC.  Within each sensor is also a transistor that 

amplifies the charge on the pixel before it is sent to on for the encoding process.  Because 

the charge is amplified, the light response is encoded in a logarithmic scale instead of in a 

linear scale like the CCD sensors.  This allows for a greater dynamic range to be 

captured.  However, the logarithmic scale extends the contrast ability of the midrange 

tones while compressing the contrast in highlight and lowlight sections (Bloch, 2007).  

This means that objects will have less relative brightness to one another in highlight and 

lowlight areas of the image.  CMOS also have a higher minimum light threshold than 

CCD sensors.  This is because the ADC present on each sensor covers some of the 

sensorôs area, deflecting some of the incoming light.  This difficulty is overcome by 

adding additional micro-lens on top of the sensors to redirect the deflected light into the 

sensor (Sa, Carvalho, & Velho, 2007). 

1.3.C Encoding Bits 

Once the light signal has been converted into a digital signal, it must be encoded 

into a format compatible with a computer.  The camera uses bit information to do this.  A 

bit is the basic unit of computer encoding, and can have a value of either 0 or 1.  It is the 

order of the bits, and the combinations of the 0/1 numbers, that allow the computer to 

ñreadò the information when opening the file (Witzke, 2007).   The number of bits used 

for each pixel is important in determining the color resolution of the image.  As more bits 

are allotted to each color, more shades of the color are able to be encoded into the digital 
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image file (Sa, Carvalho, & Velho, 2007).  Most photographs and display monitors use a 

24-bit system.  This means that each pixel is assigned 24 bits in the image file.  The 24-

bit unit is comprised of 8 bits of encoding from the blue sensor, 8 bits of encoding from 

the red sensor, and 8 bits of encoding from the green sensor.  

 

Figure 4: 24-bit Color System 

 

 Since 8 bits is equivalent to 1 byte, the 24-bit image system is also referred to as 

a 3-byte color system, with 1 byte of information per color channel.  Under a 24-bit 

system, there are 256 possible shades of each primary color that can be recorded.  The 

256 comes from the total possible combinations of 0 and 1 for 8 bits, which is equivalent 

to 2
8
.  As the number of bits increases, the number of possible outcomes increases 
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exponentially.  An 8-bit file has 256 possible outcomes, a 9-bit file has 512 outcomes, a 

10-bit file has 1,024 outcomes, and so on.  To help illustrate the 24-bit encoding, Figure 4 

provides a visual.   

Along the top of Figure 4 is a representation of a 24-bit file.  8 boxes (bits) are 

allotted to the red color, each of which can contain a 0 or a 1.  The same is true for the 

green color channel and the blue color channel.  On the right side of the image is a 

representation of how the computer reads the bit information from each color channel.  

There are 256 total possible combinations of 0 and 1 in an 8-bit format.  When all eight 

bits are 0, it is read as having no color and given the numerical value of 0.  When all eight 

bits are 1, it is read as pure red and given the numerical value of 255.  There are 254 

shades of red in between 0 and 255, each of which has a unique 8-bit code.  The chart on 

the right-hand side of Figure 4 shows how the computer takes the numerical code from 

each color channel and converts it into a unique color. 

The advantage of using a 24-bit system to encode photographs is that most 

display systems (monitors, projectors, TVs, etc) use a 24-bit system.  This means that all 

the colors captured and encoded in the digital image are capable of being displayed on 

the average monitor.  Color values from the scene that canôt be displayed on a 24-bit 

monitor are discarded.  A photograph that encodes only displayable colors is called an 

output-referred image.  This means that the primary focus of color encoding is on the 

output possibility; if the pixel color canôt be displayed on the output monitor, then the 

color isnôt encoded into the file.  Instead, the color is ñroundedò to the nearest color in the 

256 color scale and recorded as such.  The advantage of using an output referred image 
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standard is that the eliminated colors 

keep the file sizes down (Reinhard, 

Ward, Pattanaik, & Debevec, 2006). 

Unfortunately, restricting 

ourselves to a 256 shade representation 

in the image does not allow us to capture 

the dynamic range of the entire scene 

because the dynamic range of the real 

world extends far beyond the 256 values 

we can currently display.  Shown in Figure 5 

is an example of the real world color gamut
3
.  This 2D depiction portrays the range of 

colors visible to the human eye.  The points of the triangle represent the primary red, blue 

and green colors used to create color in our output displays.  All the colors represented 

within the triangle are displayable using a 24-bit RGB encoding system.   All the grey 

portions of the image depict colors that cannot be displayed using a 24-bit system.  As 

Figure 5 shows, there are a large number of colors that cannot be encoded using the 

traditional 24-bit system. 

Although the color gamut is heavily restricted with our current methods of display, 

the main disadvantage of the 24-bit system is the discarding of color information during 

the encoding process.  By not encoding color information outside of the 256 normal 

                                                 

 

3
 This file has been (or is hereby) released into the public domain by its author. This applies worldwide. 

Figure 5: RGB Color Gamut3 

http://upload.wikimedia.org/wikipedia/commons/d/d3/CIExy1931_srgb_gamut.png
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shades, the file is always limited to a 256 color scale.  When technology advances and 

monitors are capable of displaying more shades, the encoded file will still only have 256 

shades encoded and can only display those shades.   

1.4 High Dynamic Range Imaging  

Instead, an emerging trend is to use an HDR image.  By extending the dynamic 

range of the encoded information, HDR photography also allows for more detail to be 

captured and displayed in a high contrast situation.  Extending the dynamic range also 

increases the imageôs ability to accurately portray the scene as the eye would see it.  HDR 

images use two systems to enhance the amount of color information that is encoded in the 

digital file.  The first is to increase the number of bits encoded for each pixel, thereby 

increasing the number of shades able to be recorded.  Another way to increase the 

dynamic range of a photograph is to change the system of encoding from a gamma 

system to a linear encoding system.  Most HDR file systems use both methods to increase 

the dynamic range of the encoded file. 

1.4.A Increasing the Bit Size 

In order to increase the dynamic range capability of an image, one method is to 

increase the number of bits allotted to each pixel.  Since the number of shades increases 

exponentially with increases in bit allotment, even small additions of bits to primary 

colors can drastically increase the dynamic range of the image.  For example, 8 bits per 

color channel is represented as 2
8
, and allows for 256 shades.  By increasing the number 

of bits per color channel to 10-bits, a total of 2
10

, or 1,024 possible shades, can be 
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encoded.  Increasing the bits per color channel to 12 bits creates a possible 4,096 shades.  

Most HDR encoding systems use 32-36 bits per pixel allows for a possible 4.2 to 68.7 

billion shades to be encoded.  Adding an exponent can increase that further; exponents in 

the bit size are discussed further in detail in section 1.4.C. 

1.4.B Changing the encoding system 

The bit size is not the only factor in extending the dynamic range of an image.  JPEG, 

a common image storage format, uses a gamma encoding system.  The gamma encoding 

system means that the exposure values in the film are increased exponentially.   The 

advantage of gamma encoding is that it accentuates the contrast in the middle regions of 

the film.  This helps us separate objects by enhancing their relative brightness.  Gamma 

exposure is the standard for JPEG images and resembles how we see objects with our 

eyes.  It is also very compatible with 24-bit image display systems and produces an image 

that is pleasing to the eye.  However, the problem with gamma lies in the extreme 

sections of the gamma curve: the very lights and the very brights. Because the slope of 

the gamma curve in these areas is low, the contrast in these sections is small. This causes 

the image to lose detail in those areas that would be visible if the contrast ratio was 

increased.  The limitations of gamma encoding become most apparent when we try to 

enhance the size of a lowlight section, as the image becomes blurry and not well defined 

(Bloch, 2007).  Linear file formats use an equal step between all exposure values, even 

those in the highlight/lowlight region.  This allows all items to maintain an equal relative 

brightness, thus increasing the amount of detail that can be visualized in the 

highlight/lowlight regions.   
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1.4.C HDR file formats 

HDR photography is a major industry movement, especially in the video gaming 

and movie industry, as these industries often require as life-like appearance of the product 

as possible.  Because of the high interest in HDR, several file formats for HDR imaging 

have been created in the past two decades.  The most common file formats used for HDR 

images are OpenEXR, Radiance, and TIFF.  There are numerous other formats, but many 

of those are more specific to one manufacturer or computer program and are less 

frequently used. 

 Most digital SLR cameras allow users to save their files in JPEG or RAW format.  

A common misconception is that by shooting images in RAW format, an HDR 

photograph can be obtained.  In truth, RAW format provides a medium dynamic range 

photo.  RAW format is just that ï a raw image with minimal processing by the cameraôs 

software.  Most RAW formats are programmed in linear encoding systems, as this is the 

way most cameras capture light intensities. Because of the linearity and the lack of 

alteration, RAW formats generally use around 10-bits per color channel, for a total of 30 

bits per pixel.  This is not enough extra information to qualify as a high dynamic range 

image, but does give a RAW image a wider dynamic range than 8-bit low dynamic range 

images.  There are two main problems with RAW format aside from its dynamic range.  

RAW formats are extremely large and therefore take a long time to save and process in 

the camera.  The second, and biggest, problem with RAW formats is that RAW formats 

are manufacturer, sometimes even camera, specific.  In order to read a RAW file, a 

computer program must have compatibility with that specific RAW format. This can be a 

serious drawback of using RAW format because it limits the software programs that are 
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able to open and modify the RAW images (Bloch, 2007).  RAW format does have a 

function in obtaining composite HDR images; this will be discussed more in depth in 

section 1.6.B. 

 One of the oldest HDR formats is the Radiance format (.hdr).  This format was 

created by Greg Ward, who is considered one of the founding fathers HDR imaging.  

Radiance format actually maintains the 8-bit per primary color standard seen in 24-bit 

imaging.  However, the total pixel size is increased from 24 bits to 32 bits.  The fourth 

byte is used for the exponent information.  The exponent is an integer number that is used 

to multiple the hue values of the 8-bit information to achieve a total range much higher 

than the normal 256 shades.  Keeping all the RGB information the same, but changing 

the exponent slightly results in a difference of several orders of magnitude.  This helps 

enhance the dynamic range while keeping the file size low.  Because of the exponent, a 

Radiance format file has a huge dynamic range, with the ability to cover a range of 253 

exposure values, or seventy six orders of magnitude (Reinhard, Ward, Pattanaik, & 

Debevec, 2006).  Since visible light environments in the real world only span around 

forty four exposure values total (around 14 orders of magnitude), Radiance files end up 

containing a lot of extra space with no color encoding in it (Bloch, 2007).  Radiance 

format does have the advantage over many of the HDR file formats in that it is 

compatible with most software programs used for HDR imaging. 

 Another file format that is well-known is the tagged image file format, better 

known as TIFF.  There are a variety of TIFF formats, all of which use a different method 

of file encoding.  The TIFF IEEE floating point format has the highest dynamic range of 

any file format available currently.  The term floating point refers to the decimal point in 
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the color values.  In 24-bit color, the 8 bits per primary color represents 256 color shades.  

These are expressed as integers 0 to 256, with 0 being equivalent to pure black, 255 to the 

pure hue, and 254 shades of the primary color in between.  A floating point format adds a 

decimal point to the shade value, allowing shades of 2.1, 2.12, 2.123, and so on to be 

created.  As this introduces more color shades, the magnitude range of the file is 

increased.  The TIFF IEEE floating point format can store up to 79 orders of magnitude 

in the file.  Unfortunately, the TIFF floating point format is difficult to compress, so the 

file size is enormous.  In floating point TIFF, each pixel is allocated 96 bits of encoding.  

Since larger file sizes mean that the image is slower to load and process, floating point 

TIFF is not usually recommended for images that are undergoing a lot of modification or 

are needed quickly, such as HDR files used in video gaming (Bloch, 2007).  

 All of the above formats use the RGB color system for their encoding.  This 

inherently limits the total color shades possible because the RGB system cannot create all 

shades visible to the human eye (Figure 5).  Greg Ward, the creator of the Radiance 

format, also created the TIFF LogLuv format.  The LogLuv format uses a ñdevice-

independent LUV color spaceò (Bloch, 2007) instead of the traditional RGB system. The 

LUV color space is based on the same principles as the color gamut shown in Figure 5, so 

it is capable of recreating all visible colors.  In LUV color space, the L value stands for 

luminance, while the U and V refer to the X and Y coordinators of the color gamut.  

Although LogLuvôs magnitude range of 38 orders of magnitude is paltry compared to the 

floating point TIFF and Radiance format, LogLuv focuses on accuracy of color shade 

instead of total shade range.  With 38 orders included, it is still enough to span more than 

the entire dynamic range visible in the natural world.  It is also extremely accurate; over 
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the visible spectrum LogLuvôs accuracy is almost equivalent to the human eye.  This 

format uses either 32 bits of encoding or a more compact version of 24 bits.  In 32 bit, the 

bits are split up between the three components of LUV color: 16 bits for luminance, 8 bits 

for the U coordinate, and 8 bits for the V coordinate.  Unfortunately, the LogLuv format 

shares the same .tif extension of other TIFF formats, so itôs difficult to define which 

images share what TIFF properties.  There are a lot of compatibility issues encountered 

when using the LogLuv format, as many programs read the files as a standard TIFF and 

ignore the extra data.  Although in terms of color accuracy, the LogLuv format excels 

above all others, the format has never caught on with the high dynamic range imaging 

industry (Bloch, 2007). 

 For ten years, Radiance file format remained the standard for HDR images.  

Today, however, a new file format called OpenEXR is becoming the industry standard.  

OpenEXR (.exr) uses a floating point decimal like the TIFF IEEE and has a 32- and 16-

bit version.  The 16-bit half floating point format of the OpenEXR format is most 

commonly used.  The important part of the OpenEXR formatting is that it encodes each 

color channel individually.  16 bits are encoded for each color channel, with 1 bit used for 

a sign, 10-bits used for the color shade and 5 bits used for an exponent.  Like the 

Radiance format, the exponent allows the color shadeôs magnitude range to be extended 

much further than 10-bit of encoding would normally allow, but unlike the Radiance 

format the exponent is specific to each color channel.  This helps keep each primary color 

shade more accurate.  Since the EXR format is open source and not specific to one 

manufacturer, the OpenEXR format has not experienced as much compatibility issues as 

other formats.  It also is compressible, meaning that it is quick to load and modify.  
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Finally, the open format of OpenEXR allows programmers the ability to personalize the 

file format for a specific image or purpose.  All of these features have made OpenEXR 

format the gold standard today (Bloch, 2007). 

 One last HDR file format that is relatively new and still gaining acceptance in the 

HDR field is the JPEG-HDR format.  The biggest limitation of all the previously 

mentioned formats is that compatibility with software programs, especially on the 

internet, is limited.  However, almost all devices today, including web-based programs, 

are capable of loading and viewing JPEG images.  As examined later in section 1.6.B, 

JPEG is not a suitable method for saving HDR images because it discards any  

information outside of the standard 24-bit encoding.  However, JPEG is commonly used 

with private consumers because the small size enables it to be uploaded to the web, 

transferred wirelessly to various devices, and is compatible with almost every current 

imaging device (Bloch, 2007).  Because of JPEGôs advantages, there has been a strong 

push to develop a format that uses JPEGôs compression and file size but maintains the 

dynamic range potential of HDR files.  

  One way that has been created to do this is to add a secondary file to a normal 

JPEG image that contains HDR exposure information.  Called the sub-band encoding 

method, the secondary file would be an optional information file that could be opened or 

left closed depending on the sophistication of the software program reading the JPEG 

file.  Programs that cannot read the sub-band file will still be able to open a tone mapped 

version of the image.  Tone mapping is discussed further in detail in section 1.6.E.  

Advanced programs that have the ability to read the secondary file would open both the 

JPEG image and the HDR data, allowing the full high dynamic range image to be 
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opened, viewed, and modified.  The sub-band encoding is only a small portion of the 

original JPEG image size, so the final JPEG-HDR is very similar in size.   

Greg Ward and Maryann Simmons (2004) created a sub-band encoding method 

that splits the imageôs foreground and background in order to compress the sub-band 

information small enough to attach onto the JPEG.  Built into a JPEG image are sixteen 

markers, each with a maximum size of 64 kilobytes (KB).  Ward and Simmonsôs goal 

was to preserve the HDR data within the 64 KB requirement in order to attach the data as 

a marker to the JPEG image.  In order to preserve the image, they created a tone-mapped 

version of the original image.  A ratio image was created by dividing each pixelôs value 

in the original HDR image with the same pixelôs value in the tone-mapped image.  This 

provided a multiplier for each pixel that could be applied to the tone-mapped data in 

order to recreate the high dynamic range image.  The problem they faced was that in 

order to decrease the file size to 64 KB, the image needed to be compressed.  If JPEG 

compression was done on the ratio image, JPEG artifacts such as blur would appear in the 

reconstructed HDR image when zoomed in.   To correct this, Ward and Simmons added 

an additional step onto the encoding decompression.  Once the ratio image has been 

compressed using JPEG compression, the authors applied a secondary processing to the 

foreground of the image, which was then substituted for the original high dynamic range 

foreground. By doing this, they were able to keep the ratio image file size below the 

required 64 KB requirement while limiting the JPEG artifacts present in the reconstructed 

HDR image.   

The advantage of the HDR-JPEG encoding system is that these files are capable 

of being used now and in the future.  HDR displays (see section 1.4.D) are also becoming 
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more prevalent.  Greg Ward estimates that HDR imaging will replace LDR imaging in 

the next decade (Ward, 2008).  Already, HDR imaging has begun to creep into the 

consumer market.  The Pentax K-7, discussed in section 1.7, is sold for around $1,300, 

which is within the range of the amateur photographer (Howard, 2009).  Until HDR is 

commonplace, however, the consumer market will continue to be focused on JPEG 

images.  Even once technology advances to using HDR exclusively, the ability to embed 

the HDR information into a JPEG image allows existing software programs to remain 

compatible.  Newer technology could be programmed to extract the HDR image from the 

HDR tag in order to rebuild an HDR image.  This same embedding technique is being 

replicated in the video realm.  Mantiuk et al. (2006) proposes a method similar to the 

JPEG-HDR image that would embed HDR content into a MPEG video file, which is a 

low dynamic range output-referred format.  This would allow for video files to be written 

to a normal DVD and displayed as LDR video on common screens or displayed as HDR 

video on an HDR capable display device.  Mantiuk et al. was able to compress the 

HDR-MPEG format into a file that was only 30% larger than a regular LDR MPEG file.  

1.4.D HDR displays 

HDR images have a variety of file formats available, but one of the biggest limits 

so far for the HDR imaging field is the lack of HDR capable display systems.  Currently 

liquid crystal display (LCD) monitors are the most commonly encountered on the 

consumer market.  An LCD monitor works by exciting a grid of output pixels on a 

screen.  Each of the pixels is filled with a liquid crystal.  Similarly to camera sensors, 

each LCD pixel contains a filter that creates multiple subpixels of primary colors.  An 
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LCD screen itself does not have a source of illumination.  Instead it relies on a backlight 

to provide light, which in turn gets stimulated in the liquid crystal and emitted through 

the color filters to produce a color image.   

The advantage of LCD screens over the older cathode-ray tubes (CRT) monitors 

is that the screen itself has no limit on the brightness values it can portray.  A CRT 

monitor has an inherent brightness limit, at which point it can no longer be excited to a 

higher brightness.  Because an LCD screen does not emit light, it does not have this 

limitation.  Instead, the brightness limits are set by the backlight source.  Usually this 

backlight is a global backlight unit that lights the entire screen.  One disadvantage of the 

global backlight is that it creates a minimum darkness value that can be displayed.  This 

is because the screen will never go completely dark in one area unless the backlight is 

shut off completely, which would then turn off the lights in the lighter areas of the image 

as well (Reinhard, Ward, Pattanaik, & Debevec, 2006).   

The LCD display system has two major disadvantages when used with high 

dynamic range images.  Because of the backlight source, a normal LCD display monitor 

has both a minimum and maximum brightness value.  Most monitors today in the 

consumer market have a dynamic range of about 300:1 (Akyuz & Reinhard, 2008), which 

is lower than the dynamic range capable of being stored in an HDR file.  Also, most LCD 

systems are only compatible with 24-bit color, which does not cover the entire visible 

light gamut.  Because of these limitations, HDR images must be tone mapped down to a 

24-bit system before they are displayed on an LCD monitor.   Tone mapping procedures 

are covered more in depth in section 1.6.E.  
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In order to overcome the current compatibility problems between HDR files and 

display systems, there has been research into developing an HDR display system that is 

capable of displaying the extended dynamic range of an HDR file.  Seetzen et al. (2004) 

published two techniques for displaying HDR images.  Both consisted of a modified LCD 

display system.  Their first technique used a projector to backlight the LCD panel.  This 

method achieved HDR capable results, but required a significant increase in power 

consumption, price, and other factors that made it less valuable as a consumer display 

system.  Their second technique used an LED display system as the backlight for the 

LCD display.  The advantage of this system is that each LED light is individually 

controlled and can be turned off without affecting other LED lights.  This allows the 

backlight in a specific area of the monitor to be black with a 0 light value while 

maintaining light in other areas.  Another advantage of the LED backlighting system is 

that it does not suffer from irregularities in the backlight luminance.  In normal LCD 

screens, the global backlight will light some portions of the screen better than others 

because of variances in the output from the fluorescent backlight tube.  Seetzen et al. 

claim that the LED-LCD monitor they created can display a dynamic range of 50,000:1.  

The authors also noted that the quality of the image could be increased if the LED-LCD 

display device was rebuilt using color specific LED lights instead of using white LED 

lights.  Color LED lights emit light with a very specific wavelength range, which enables 

the display system to create more true primary colors and cover a larger area of the color 

gamut. 
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1.5 High Dynamic Range Cameras 

Recall from above that the human eye is capable of adapting to images with up to 

14 magnitudes difference, with up to 5 orders of magnitude at once (Tumblin & Hodgins, 

1999).  Most cameras can only capture up to 5 stops accurately, which is equivalent to 

about 2 orders of magnitude.  Because of this limitation, there are two ways to obtain 

high dynamic range photographs.  The first is to use a camera capable of taking high 

dynamic range photographs.  This requires a specialized camera to extend the cameraôs 

dynamic range.  Reinhard et al.ôs book (2006) on HDR imaging discusses three camera 

sensors that are able to capture high dynamic range scenes. 

The first is the Viper Filmstream
®
 camera, which is used for video capture.  The 

Viper Filmstream
®
 uses three different CCD sensors to capture the image.  Instead of 

filt ering the light with a Bayer sensor, each sensor is specific to one primary wavelength.  

The camera software then combines the information from each sensor and encodes the 

information in a 30-bit format, allotting each primary color 10 bits.  The Viper 

Filmstream
®
 is capable of capturing about three orders of magnitude at one time.   

Another sensor capable of capturing high dynamic range images is the CMOS sensor 

created by SMaL Camera Technologies.  The SMaL sensor has a dynamic range 

capability of about four orders of magnitude.  The last sensor Reinhard et al. (2006) 

described is the Pixim CMOS sensor, which uses 10 bits of encoding per primary color, 

allowing the sensor to capture about four orders of magnitude.   This sensor is used in 

Baxallôs Hyper-D surveillance camera series. 
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Two other HDR capable devices that Reinhard et al. describes are the SpheroCam 

HDR and the LadyBug
®
 spherical video camera.  Both create high dynamic range 

panoramic pictures.  The SpheroCam has one of the highest dynamic ranges on the 

market, allowing for around eight orders of magnitude to be captured.  However, the 

sensors works through a scanning process that physically moves the camera and can take 

up to thirty minutes to capture a scene.  The SpheroCam is also priced over $50,000 

(Spraggs, 2004), which is outside the range of the amateur photographer.   The LadyBug
®
 

spherical video camera captures six simultaneous images on six different sensors.  The 

sensors are pointed in various directions, resulting in a panoramic picture that exposes 

75% of the surrounding area.  The LadyBug
®
 camera has the ability to capture up to four 

orders of magnitudes.  

1.6 Creating Composite HDR images 

One of the drawbacks of using an HDR compatible device is that most HDR 

equipment is expensive and specialized.  To keep the costs down, the most popular 

technique for taking HDR photos is to create a composite HDR image by merging 

multiple photographs taken with a standard low dynamic camera (Ward, 2008).  This is 

done by taking multiple images at the scene that are later combined into a composite 

HDR image using photo editing software.  

In order to create a composite HDR image, a range of exposures is taken.  The 

range of exposures is referred to in stops, or exposure values.  A stop is a doubling or 

halving of the current light intensity.  If 100 units of light were entering the lens at one 

exposure, a plus one stop would allow 200 units of light into the lens and a minus one 
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stop would allow 50 units of light into the lens.  The other term for this is exposure value.  

One exposure value is equivalent to one stop (Witte, 2009).  In a low dynamic range 

image, the total dynamic range captured is equivalent to about five stops of light.  In a 

high contrast scene that has dark shadows and very light sections, the five stops of light 

will l ead to some of the pixels in the image being under or over-exposed.  For that reason, 

several images are taken, each one varying the exposure so that each pixel in the image is 

exposed correctly at least once within a sequence of images. 

1.6.A Exposure Settings 

There are three camera settings that will change the image exposure: ISO, f/stop 

and shutter speed.  The ISO number is a standard that describes the sensitivity of the film 

to light.   As the film sensitivity increases, the ISO number will increase.  A sensitive film 

will need less light to expose an image correctly than a lower ISO speed film.  However, 

in order to be more sensitive, the digital signal in the sensors is amplified prior to 

encoding, which creates more noise in the image (Reinhard, Khan, Akyuz, & Johnson, 

2008).  In order to decrease noise and keep detail, it is preferable to stay with a smaller 

ISO. 

Another way to change the exposure of an image is to vary the f/stop.  The f/stop 

describes the aperture, or the lens opening.  By decreasing the f/stop, a larger lens 

opening will be achieved, which results in more light hitting the surface during an equal 

amount of time.  However, f/stop does have an effect on the depth of field, which is the 

amount of area that is in focus in the photograph.  For that reason it is not recommended 

to change the f/stop during HDR sequences. 
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The last camera setting to vary the imageôs exposure is the shutter speed.  The 

shutter speed is a fraction that describes the length of time that the shutter is open and 

light is allowed into the camera.  By extending the shutter speed, the amount of light 

hitting the sensor is increased.  As this does not negatively affect the image quality or 

depth of field, this is the recommended setting to adjust when capturing a series of LDR 

images for a composite HDR photograph. 

1.6.B Storage Options 

When images are taken using a normal digital camera, they are automatically 

saved onto the digital storage system using a specific type of file format.  The most 

common file formats used in digital cameras are the JPEG and RAW formats.  The JPEG 

format is an output-referred format and is referred to as a lossy compression.  This means 

that when the information is processed, additional information in the file format is 

discarded.  Most cameras take digital images in 10- to 12-bit format, meaning that each 

primary color is encoded using 10 to 12 bits.  However, JPEG uses only 8 bits per 

subpixel.  When images are saved to the cameraôs memory card in JPEG format, 2 to 4 

bits of information is discarded for each subpixel.  Since it is output-referred, JPEG files 

also save only the shades of color that can be read using the standard 24-bit RGB color 

monitor.  While this is useful because it keeps the image size smaller, it does discard 

image data that could affect the quality of the image (Weston, 2008).  Because the goal of 

creating high dynamic range images is to maintain the shades present in the actual scene, 

it is not recommended to use JPEGs to create the composite HDR image. 
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Instead, composite HDR images are created using RAW format files.  RAW 

format is a lossless format that encodes all of the bit data captured in the original image 

and is only minimally processed in the camera.  Unfortunately, RAW formats are 

manufacturer and camera specific so special software is needed to view the RAW format 

files from each camera.  (Reinhard, Ward, Pattanaik, & Debevec, 2006).  Usually this 

software is downloadable from the manufacturer.  RAW files are also larger than JPEG 

images, so they take up more space on a memory card.   

For the above reasons, images taken in order to create a composite high dynamic 

range image should be taken using the same ISO and f/stop during the entire image 

sequence.  The shutter speed should be used to vary the exposure scene.  All photographs 

taken should be saved in the RAW format.  Additionally, in order to eliminate camera 

movement from affecting the images, all photographs should be taken using a tripod.  

Use of an off-shoe cord or a delayed capture setting are also recommended as these help 

reduce camera shake during image capture (Reinhard, Ward, Pattanaik, & Debevec, 

2006). 

1.6.C Image Sequences 

Chris Westonôs book (2008) describes the sequence of images required to create a 

composite HDR image.  In order to create a composite image in which all the pixels are 

accurately exposed, each pixel must be correctly exposed in at least one image during the 

sequence.  For that reason, meter readings must be taken at the brightest and the darkest 

portion of the scene.  Those readings will represent the shortest and longest exposure 

needed in your scene.  These readings will also give you the total dynamic range of your 
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scene.  Remember that a digital camera can capture up to five stops of light with decent 

accuracy.  If the scene requires a wider range than five stops of light, it would be a good 

candidate for HDR photography. 

Although the camera is capable of capturing detail within five stops, the most 

accurately exposed pixels will be those that are exposed correctly at the current shutter 

speed setting.  Therefore, when taking image sequences, it is recommended that images 

be taken at each stop if possible.  If time is a consideration, the full five stop dynamic 

range can be utilized to decrease the number of images required at the scene.  However, 

using more than two stops between each image is not recommended as this may not allow 

for all the pixels to be exposed correctly.  

For an example of exposure bracketing, see Figure 6 and Figure 7.  The dark blue 

areas in the photo sequence show the exposure stops that are correctly exposed during 

each photograph.  The next shade of blue indicates exposure values that are within 

tolerance and can be relied on during the composite HDR image sequence.  The lightest 

blue squares indicate exposure values that are technically captured in normal digital 

cameras, but are not recommended for use when capturing a composite HDR image 

sequence.  To create a composite HDR image, at least three images must be obtained.  

Although adding additional images to the sequence requires more time for the composite 

HDR to be processed, taking photographs at every stop ensures that the best pixel detail 

is captured in at least two frames, allowing the merging software to give the best finished 

product (Bloch, 2007).  
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Figure 6: Recommended Exposure Sequence for Composite HDR Images 

  

Figure 7: Time Saver Exposure Sequence for Composite HDR Image 
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1.6.D Computer Merging 

Once all the images are captured, they must be downloaded onto a computer and 

merged using photo editing software.  There are a number of software programs that will  

create a composite HDR image.  The first is Adobe
®
 Photoshop

®
 CS3 and CS4.  

Photoshop
® 

has a function called ñMerge to HDRò that allows the user to select multiple 

photographs and combine them.  Photoshop
®
ôs merge software requires that at least three 

photographs are used for the merge process.  Once the files are selected, Photoshop
® 

uses 

internal algorithms to compile the pixel data and automatically align the pictures.  Once 

the merge is complete, users are given an HDR image with 32-bits per pixel.  Other 

software programs that allow for bracketed images to be merged into a single composite 

HDR image include HDRShop, PhotoSphere, and Photomatix.  Of those three, 

Photomatix is the only one that allows for a wide range of image alteration during and 

after the photograph merge is complete (Bloch, 2007).   

1.6.E Tone mapping  

Once the HDR image has been created, the user runs into a display problem.  As 

stated in section 1.4.D, most display systems use 24-bit color system so each primary 

color can only be displayed with 256 shades.  If an HDR image is displayed directly onto 

a 24-bit display system without additional processing, the additional color shades gained 

by enhancing the bit size of the file are lost.  This causes the image to lose the contrast 

and detail that was gained by increasing the bit size of the image in the first place.  This 

would also cause the image to lose its color accuracy.  Without processing before 
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displaying, HDR images would not reflect the scene as it is viewed by the human eye, the 

main goal of HDR imaging.   

 In order to accurately portray the image, an HDR image must go through 

additional processing after creation so that it can be displayed on a normal display 

monitor.  This processing is called tone mapping.  The goal of tone mapping is to 

maintain as much of the contrast and color detail present in the HDR file while 

reformatting the file back to the standard 24-bit system for display.  There are a variety of 

tone-mapping algorithms and programs.  As Akyüz and Reinhard (2008) explain, ñmost 

operators aim to preserve one or more of the key attributes of HDR images, such as 

brightness, contrast, visibility or appearance.ò  The most important consideration in most 

high dynamic range photographs is contrast, so that is usually the focus on tone map 

operators. 

 There are two main distinctions when discussing tone mapping operators.  This 

distinction is whether the tone mapping is applied globally or locally.  A global tone 

mapping operator is applied to the entire image as a whole, using the same processing 

techniques for each area.  A local tone mapping focuses on a specific area of the image 

and can be adjusted for each different region in the photograph.  Local tone mapping 

techniques can usually compress the image further than global tone mapping operators 

can, but they can create halo artifacts around edges if used in a high contrast scene 

(Ledda, Chalmers, Troscianko, & Seetzen, 2005).  There are a large variety of programs 

and algorithms that can be used to tone map HDR images, including Adobe
® 

Photoshop
®.

  

Adobe
® 

Photoshop
® 

is a commonly used photo editing software in the forensic science 

field, and as such would be the most applicable for crime laboratories.  As this research 
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attempts to apply HDR photography to forensic science, the following information 

concentrates first on the four different tone mapping options offered by Adobe
® 

Photoshop
®.

   

 When tone mapping an HDR image down to 24-bit format, Adobe
® 

Photoshop
® 

CS4 allows the user to choose between four different tone mapping options.  Three of the 

options are global operators: Exposure and Gamma, Highlight Compression, and 

Equalize Histogram.  The fourth is a local operator called Local Adaptation.  Exposure 

and Gamma gives you two sliding bars, one for the exposure and the second for gamma.  

By adjusting the bars, the user is able to increase or decrease the exposure and gamma 

slope for the image.  This focuses on the dark areas in the photograph, making the detail 

within more or less visible.  The second global option, Highlight Compression, is done 

completely by algorithms determined by Photoshop
® 

CS4.  This tone mapping operator 

takes the brightest part of the image and assigns it the maximum value in 8-bit encoding, 

255, then assigns all the other shades in the image an 8-bit code based on the 255 value.  

This method is recommended for use with medium dynamic range images, as it allows 

the user to continue making fine exposure and gamma adjustments after the tone mapping 

is applied.  However, because it sets the upper limit of the 8-bit encoding to the lightest 

part in the scene, if the image has a large dynamic range present in the image it will lose 

values in dimmer regions.  The final global tone mapping operator, Equalize Histogram, 

is completely controlled by Photoshop
® 
and doesnôt allow for user refinements.  This tone 

mapping operator equalizes out the imageôs histogram to make a more even slope with no 

gaps between the peaks.  While this helps boost contrast in the image, it takes some of the 

detail out of the shadows and highlights (Bloch, 2007). 
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 The last tone mapping operator in Photoshop
® 

CS4 is the Local Adaptation 

operator.  The Local Adaptation gives you a histogram of the file and allows you to 

individually control the contrast settings for each area of the photograph.  A histogram is 

a graph of luminance levels in the 

photograph.  The luminance levels run 

across the X axis of the graph, running 

from pure black to pure white (Blitzer & 

Jacobia, 2002).  Figure 8 is an example 

of three histograms.  The first box, 

shaded white, will have its histogram 

centered on the pure white side of the 

histogram.  The second, shaded grey, would have a more even distribution of luminance 

values.  The third box, shaded black, would have a histogram centered on the pure black 

side of the histogram. 

Using the Local Adaptation operator, the computer automatically produces a 

straight line running diagonally through the 32-bit imageôs histogram.  Since each 

segment of the histogram is specific to one brightness level, by pulling the line up or 

down in an area you can localize contrast changes.  Increasing the slope of the line 

between sections in the histogram determines how sharp the contrast is between the two.  

Local Adaptation is the most malleable of the tone mapping operators in Photoshop
®,

 and 

as such is recommended for use when dealing with HDR images.  The ability to live 

preview all changes as the user alter the histogram helps the user create the most visually 

Figure 8: Approximation of Color Histogram  
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pleasing image, although correctly exposing the image using this operator takes trial and 

error when trying to figure out what slope and line curves should be used (Weston, 2008).   

 The advantage of the Local Adaptation operator is that each image is manually 

adjusted to the display medium, creating the most visually pleasing image possible for a 

specific device.  Unfortunately, this process is time consuming and requires adjustments 

for each display that the image will be projected onto.  In order to speed up this process, 

there are a variety of tone mapping operators that attempt to tone map the image 

automatically.  These algorithms can then be applied to photographs en mass without 

individual alterations.  Mantiuk et al. (2008) created a tone mapping operator that would 

apply a human visual system (HSV) model to the image.  By basing the model on the 

HVS model, the algorithm would create contrast situations that would be perceivable to 

the human eye instead of focusing on overall contrast in the entire photograph.  Another 

algorithm operator is a bilateral tone-reproduction, published by Durand and Dorsey.  

Bilateral tone-reproduction is a local tone mapping operator that applies a filter to the 

image.  This filter levels out exposure differences throughout the image without affecting 

sharp contrast areas (Akyuz & Reinhard, 2008).  

Tone mapping operators have become so numerous that there are a variety of 

published articles that test different operators to see which one can reproduce the image 

the best.  Some of these studies focus on the actual reproduction of the scene while others 

focus on the visual perception of the scene and the tones within it.  Akyüz and Reinhard 

(2008) used the Cornsweet-Craik-OôBrien Illusion to test different HDR tone-mapping 

operators.    The Cornsweet Illusion is an image that consists of two boxes with equal 

luminance values on the opposite edges.   Where the boxes meet, there is a large increase 
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in luminance value on one side and a sharp decrease in luminance value on the other side.  

The authors used the Cornsweet Illusion to map the luminance profiles obtained using 

several tone-mapping algorithms.  These profiles would give an objective standard for 

comparing tone-mapping operators.  In their paper they discuss the specific luminance 

range profile that each tone mapping operator they studied.  Akyüz and Reinhard found 

that all the tone mapping operators obtained a different luminance map from one another, 

meaning that none of them compressed the image in the same way.  They also found that 

most operators changed the luminance strength in different areas of the photographs 

differently.  Kuang et al. (2007) also did an evaluation study of six different tone 

mapping algorithms.  They found that a modified Durand and Dorseyôs bilateral filter 

technique created the most accurate images.  These tone-mapped photographs were also 

more preferable to users, with Durand and Dorsey tone-mapped images being selected 

more often by test subjects as the most visually pleasing photographs. 

Although tone mapping is our best option because of the lack of HDR displays, 

Akyüz et al.ôs (2007) research determined that not only did viewers prefer images 

displayed on an HDR display device, they also showed a strong preference for actual 

HDR images as opposed to tone-mapped versions of the image.  Akyüzôs experiment 

used three types of images for the experiment.  The first was an HDR image created by 

merging ten individual LDR images and displayed with HDR capable device.  The 

second type was the same composite HDR image tone-mapped to be displayable on an 

LDR device; they used three tone-mapping operators to order to compare the results with 

one another.  The last image type was used was an LDR image.  There were two LDR 

images used, both of which were obtained from the LDR image sequence taken to create 
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the composite HDR image.   The first LDR picked was the objective best, which 

contained the least amount of underexposed and overexposed areas.  The second LDR 

picked was the subjective best, which a test sample picked as representing the original 

scene the best.  The six photographs were given to test subjects who were asked to rank 

them according to a number of variables.  What Akyüz et al. found was that the HDR 

composite image displayed on an HDR device was almost always preferable to other 

images.  They also found that in some cases, the subjective best LDR image was more 

preferred to the tone-mapped HDR image.  This means that in order to take full 

advantage of the HDR image, the best display system is an HDR capable display so that 

tone-mapping is not required. 

1.6.F Merging Limitations  

There are two big considerations that must be taken into account when creating 

composite HDR image by changing the shutters speed: scene motion and light sources.  

Because composite HDR images are created through a series of consecutive exposures, 

any movement in the scene during the sequence will create alignment problems in the 

subsequent image.  The movement of people through a scene can create ghost images, or 

shadowy figures that have some physical appearance but are not in focus.  Movement of 

objects like trees and fixtures affected by wind will appear to have blurry edges if the 

object shifts slightly during the series.  For that reason, unless the user has experience 

with computer programming and the ability to correct the alignment with computer 

algorithms, it is best to create composite HDR images using a static scene and a tripod.  

Some photo editing programs will allow the user to fix small alignment problems within 
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the image.  If there is a larger alignment problem (like camera shifts) the HDR merge 

sequence may not be able to be completed. When the author attempted to merge several 

LDR photographs, it was realized that the camera had shifted about 1 inch during the 

series and Adobe
® 

Photoshop
® 

CS4 was unable to complete the HDR merge.  Using a 

sturdy tripod to stabilize the camera and a cable release cord during the image sequence 

capture is recommended to eliminate camera movement (Reinhard, Khan, Akyuz, & 

Johnson, 2008). 

The second consideration when creating a composite HDR image is bright light 

sources present in the scene.  Bright light sources in an image create veiling glare.  

Veiling glare is a global decrease in contrast over the entire image because of light 

reflections within the camera.  In theory, each sensor will only receive light from one 

specific portion of a scene.  In reality, there are multiple surfaces for light to scatter 

within the camera itself, including the lens, camera body, and the digital sensors.  When 

scattered, additional light from other areas of the scene is read by the sensor, creating 

additional brightness values that do not correspond with the scene itself.  Usually glare is 

present in a small portion in every photograph.  However, the use of multiple images to 

create a single composite image also creates a larger veiling glare in the image.  This is 

seen as hazy lines extending out from a bright light source, similar to the sunôs rays.  

These lines will increase the brightness of some objects nearby the bright light source.  

This in turn can decrease the contrast of those objects with others in the scene and 

potentially hide detail behind the glare (Talvala, Adams, Horowitz, & Levoy, 2007).   

There are a variety of ways to remove veiling glare from an image.  Using better 

lenses, which are coated in substances that decrease the amount of reflections, can be a 
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useful and easy tool for photographers.  Computer algorithms can also be applied to the 

image to remove the glare.  However, as Talvala et al. (2007) notes, these computations 

are done on an image already acquired that contained glare.  Instead, the authors 

proposed a method of eliminating the glare from the image itself before it is taken.  The 

method used a square grid set over the image prior to the image capture sequence.  The 

grid allowed the authors to calculate where the glare was present in the scene and remove 

it before the sequence was taken.  They did note that by adding this step before image 

capture, it increased the amount of scene photographs required.  Because of this, the 

authors noted that this technique would only be appropriate with static scenes. 

1.7 Future of HDR 

As HDR imaging becomes more prevalent, there has been a drive to create consumer 

grade HDR displays and cameras.  One camera introduced in 2009 has HDR capability 

and consumer affordability with a price tag less than $1,500.  The Pentax K-7 creates 

high dynamic range images through an automatic merge function.  The K-7, when set to 

HDR photographs, automatically takes three bracketed RAW images one after the other.  

It is capable of doing this within one second, which minimizes movement of the scene 

during the bracketing.  The images are combined together inside the camera to create a 

composite HDR image.  However, the camera then automatically applies a tone-mapping 

algorithm to the image and stores it in an 8-bit JPEG format (Howard, 2009).  This limits 

the use of the K-7ôs HDR composite because it has already been compressed and 

additional pixel information has been discarded before the user ever has a chance to see 

the images.  If the scene is especially tricky, or if the dynamic range is too much to be 
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stored within a JPEG format, the user may still have some loss of detail in the image.  

While the Pentax K-7ôs function is more preferable to standard JPEG images, the manual 

merge to HDR process is a better alternative if possible.   

1.8 Forensic Photography 

 In forensic science, documentation is key at the scene of a crime.  This is because 

by the time a case goes to court, the scene will be altered or completely unavailable so 

documentation of the position and presence of objects at the original scene will be the 

only way to examine the scene.  There are three types of documentation used at a crime 

scene: notes, sketches, and photographs.  Crime scene photographyôs main goals are to 

provide a ñôfair and accurate representation of the sceneô as it was at the time the 

photograph was takenò (Robinson, 2007). In order to achieve this goal, it is important 

that the scene be correctly exposed in every picture so that scene details are not hidden in 

the photograph.  Unfortunately, there are scenes where the camera, limited to five 

exposure values per image, is unable to capture fully without additional help.  One 

technique commonly applied to scenes with a large dynamic range is called fill-flash.  

Fill -flash is a technique that uses a secondary light to light up darker areas in the film in 

order to expose objects within the dark areas during a short exposure.  Note that this 

technique does not preserve the original dynamic range present in the scene; instead it 

decreases the dynamic range of the scene by adding additional light to darker patches so 

that all parts of the image can be captured in the five exposure value range of the camera. 

Just as HDR photography is gathering popularity in other fields as an alternative for 

wide dynamic range scenes, it has also begun to be applied to the forensic science field.  
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Crime Scene Supervisor King Brown and Crime Scene Investigator Dawn Watkins have 

applied HDR photography techniques to fire scenes and footprint comparisons (Brown & 

Watkins, 2010).  Fire scenes offer a large dynamic range because the soot of the fire can 

darken details of the scene and the scenes may be too large or too unstable to use 

fill -flash.  Instead, HDR photography allows the forensic photographer to stand safely on 

the sidelines, remain in one position, and use HDR techniques to capture the entire 

dynamic range of the scene.  As most crime laboratory budgets are not up to the expense 

of a specialized HDR camera, the composite HDR technique is most applicable to crime 

scene photography.  

1.8.A Experimental Focus 

Although HDR photography has been used in the forensic science field for some 

high contrast scenes, there are other, unexplored aspects of forensic science that the 

author feels would benefit from HDR photography.  One high contrast situation is the 

chemiluminescent photography of chemically enhanced bloodstains.  In the crime scene 

investigation, chemicals such as Luminol and Bluestar can be applied to an area to view 

or enhance latent bloodstains.  Luminol works by reacting with the hemoglobin in human 

blood.  When Luminol reacts with the hemoglobin, it produces a chemiluminescence that 

can be viewed in dark conditions.  Bluestar works in a similar way, although Bluestar 

gives off a brighter chemiluminescence so it can be photographed more easily (James, 

Kish, & Sutton, 2005) .   

As stated previously, documentation at the scene and of scene procedures is 

important in forensic science.  Because evidence like Luminol-enhanced bloodstains 
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cannot be transported to court for presentation, these enhancements are photographed in 

order to preserve the chemiluminescent evidence.  Currently, the traditional method for 

photographing Luminol is done by taking color photographs in a dark room with the 

camera set on a tripod.  In order to expose the Luminol well, it is recommended that an 

f/stop of 2.8, ISO 200, and shutter speed of forty seconds is used (James, Kish, & Sutton, 

2005).  Since Bluestar gives a brighter luminescence, the exposure does not have to be as 

long to capture the image.  During the exposure, a flashlight is aimed towards the ceiling 

and quickly flashed on and off.  This flash during the middle of the exposure will 

illuminate some of the surrounding area of the bloodstain.  However, because the 

illumination is quick the surrounding area is not given a proper exposure, obscuring some 

detail from the image.  Also, the low f/stop used creates a short depth of field, and the 

high ISO used can create noise in the photograph.   

Because of these issues, this research study attempted to use high dynamic range 

photography techniques to capture an image of a luminescent bloodstain.  It was believed 

that the use of high dynamic range photograph techniques could allow for the bloodstain 

enhancement to be visualized while preserving detail in areas around the bloodstain 

evidence.  Two experiments were attempted to prove this theory.  The first used 

bloodstains on rugs to test pattern enhancement.  The second part of this experiment used 

latent prints made in blood to attempt to visualize ridge detail.  In order to make the 

experiment applicable to most forensic laboratories, this experiment used the Merge to 

HDR function in Photoshop
® 

CS4.  Since forensic photography laboratories usually use 

Photoshop
® 

for digital image enhancements, this process could be applied to current 

casework without additional equipment.  
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Chapter 2: Methods 

2.1 Part One: Bloodstain on Rug 

For Part One of this experiment, a series of photographs was taken of a 

bloodstained rug.  These were later merged in Adobe
® 

Photoshop
® 

CS4 to create a 

composite HDR image in 32-bit format, then tone mapped for presentation on normal 

display systems.   The image series and final results are shown in the Chapter 3. 

2.1.A Bloodstain Deposition 

Two types of rug were used during the following experiment: a brown area rug 

(Multy Home accent rug in chocolate Capri) and a black doormat (Mohawk Home 

recycled rubber doormat in Watermaster Cadence).  One Liter of defibrinated sheepôs 

blood was acquired from Hemostat Laboratories.  Using a gloved hand, a bloody 

handprint was deposited onto the brown rug.  Blood was also castoff onto the surface 

from the gloved hand after the handprint was deposited.  This process was completed for 

the black rug as well. 

Once the blood was deposited, the rugs were left to dry for a few minutes while a 

solution of BLUESTAR
®
 FORENSIC was created.  BLUESTAR

®
 FORENSIC 

ñTrainingò tablets were used, mixed with four ounces of water for each BLUESTAR
®
 

FORENSIC tablet.  Eight ounces of BLUESTAR
®
 FORENSIC (Bluestar) was created for 

each trial to ensure that enough Bluestar was prepared to capture multiple photographs 

using continuous spraying.   Bluestar was used for this experiment instead of Luminol as 

it gives a stronger chemiluminescence and the author wanted to maximize the light 
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captured for the merge sequence.  In addition to the Bluestar preparation, a white plastic 

weigh boat was prepared for each trial.  Each had test latent prints put into the middle of 

the weigh boat.  Before setting up the experiment, the surface of the weigh boat was 

dusted with black fingerprint powder and examined to ensure that both prints had several 

comparison points visible. 

2.1.B Experiment setup 

The bloodstained rug was set on the floor in a windowless room with one 

overhead fluorescent light.  The powdered weigh boat was set on the rug to the side of the 

bloodstain.  A Canon Digital Rebel XTi was placed on a tripod over the brown rug and 

positioned so that it was film plane parallel with the rug.  In order to minimize camera 

movement during the sequence capture, the Rebel XTi was connected via USB cord to an 

HP
®
 laptop.   All camera settings between shots were modified using the EOS Utility 

software program.   

2.1.C Image Capture 

Before each trial, the correct exposure for the roomôs light was determined using a 

white card and aperture priority mode.  All of the following image sequences were based 

on this reading.  The Digital Rebel XTi was set to manual mode, f/11 and ISO 100.  

These are the recommended settings for critical comparison photographs, as they allow 

for a strong depth of field and the least sensor noise (Robinson, 2007).  The shutter speed 

was varied for each picture to adjust the exposure of the image.  Since images could not 

be captured remotely using the EOS Utility program, the camera was set to a two second 
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delayed capture.  The two second delay helped negate the camera shake caused when the 

shutter button was pressed from affecting the image.   

For each bloodstained rug trial, a series of images in the roomôs ambient light was 

obtained, beginning with the correct exposure.  Using EOS Utility, the cameraôs shutter 

speed was decreased one stop for each photograph, essentially halving the shutter speed 

each time.  During the first trial, it was observed that after three stops plus or minus, no 

additional detail was recovered in the images.  Therefore, each trial only captured images 

within three stops of the correct exposure.  Once the under-exposure sequence was 

finished, the camera was then set to one stop above the correct exposure and increased 

until a +3 stops photograph was obtained.  Once the under and over-exposure sequence 

was complete, the camera was set to a 30 second shutter speed.  The lights in the room 

were turned off and camera shutter button pressed.  The Bluestar solution was sprayed 

over the print during the duration of the exposure, averaging about one spray per second.  

Once the session was complete, the rug was disposed of and the process was repeated for 

the next trial.    

In some trials, a traditional Bluestar photograph was taken for comparison.  The 

traditional photograph used an LDR technique.  The camera was set to ISO400, f4.5, and 

shutter speed 30 seconds.  During this photograph the lights were turned off and Bluestar 

was sprayed continuously during the image capture time.  Additionally, a Maglite
®
 

flashlight was pointed towards the ceiling and flashed quickly on and off when the 

camera was halfway through the exposure.  This allowed the image to capture light from 

the surrounding environment.  These photographs, labeled the traditional method, are 

compared to the high dynamic range photographs in Chapter 3.  After the photographs 



47 

 

were taken, the fingerprints from the weigh boat were collected using regular fingerprint 

tape.  Since the prints were wet from the Bluestar application, a plastic card was used as a 

squeegee to remove the water from the tape as it was applied to the surface. 

2.1.D Merge to HDR 

Once the photographs were captured, several composite HDR photographs were 

created using the image sequences.  The ambient light sequences were combined with the 

30 second Bluestar image in order to create a single image that would show detail from 

both the ambient light photographs and the Bluestar chemiluminescence.  The Merge to 

HDR function in Adobe
® 

Photoshop
® 

CS4 was used to create 32-bit composite images.  

The HDR composite images were saved in OpenEXR format.  They were then tone 

mapped to 8-bit format using the Local Adaptation operator to process the image.  Once 

tone-mapped, the images were saved as 8-bit TIFF images.  The goal of each tone 

mapping procedure was threefold: to keep the correct color information, to show 

fingerprint ridge detail, and to enhance the bloodstain.  In some cases the blood 

enhancement would not show up well without some color distortion; in those cases the 

color of the image was altered in order to achieve the latter two objectives. 

2.2 Part Two: Bloodstain on Drywall 

The author also attempted to test the bloodstain enhancement technique on painted 

drywall (4òx8òx1ò).  The drywall was cut into four sections, each measuring 4ò by 1.ò 

Two sections of drywall were used for Part Two.  Each was painted with one coat of 

primer followed by two coats of a Behr Premium Plus Deep Base paint.  One piece was 
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painted Galaxy Black and the other piece was painted Cherry Cobbler, a dark red.  For 

each trial, bloodstain patterns were put onto the surface; the black drywall had bloody 

fingerprints applied to the surface and the red drywall had bloody handprints.   

2.2.A Black Drywall  

For health safety reasons, an artificial finger with fingerprint ridges was created.  

To do this, a mold of the authorôs hand was created using cast stone.  The cast stone was 

mixed in a ratio of two parts water to one part cast stone.  The mixture was poured into a 

plastic bowl and let to sit for approximately two minutes.  At that time a hand was set 

into the cast stone, remaining there for an additional ten minutes while the cast stone 

dried.  The hand was removed and the cast checked for ridge detail.  Upon observance 

that the cast stone had captured ridge detail on both the fingerprint tip and the palm 

surface, the cast stone was let dry for 24 hours.  After drying, MikrosilÊ was pushed into 

the finger cavity of the index finger cast.  This was left to dry for 30 minutes, then the 

cast was cracked open in order to obtain the MikrosilÊ cast.  The MikrosilÊ finger had 

fingerprint ridges present on the finger pad surface. 

The artificial finger was dipped into the defibrinated sheepôs blood used for Part 

One.  The finger was then rolled onto a blank fingerprint card to remove the excess 

blood.  Next, the finger was then used to deposit several bloody fingerprints onto the 

surface of the black drywall. The blood was allowed to dry on the surface.  Some of the 

blood was visible but the ridge patterns were latent.  Metal scissors were used to scratch 

two ñDSò markings and ñHow well can you read this?ò into the drywallôs surface above 
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the fingerprints.  The authorôs intention was to capture the inscribed detail as well as the 

fingerprint ridges in the merged HDR file.    

Once the surface had been prepared for photography, the drywall was propped up 

against a wall and a Canon Rebel XTi set up on a tripod with the film plane parallel to the 

drywallôs surface.  The Rebel XTi was connected to an HP
®
 computer using a USB cord.  

A series of exposures was taken for each trial using the same technique described in 

section 2.1.C.  Because the drywall surface had no texture or pattern on it, it was found 

that the exposures only needed to be within one stop of the correct exposure. 

2.2.B Red Drywall 

A second trial used the red drywall.  Two bloody handprints were deposited onto 

the drywall surface using the defibrinated sheepôs blood and a gloved hand.  The hand 

was dipped into the sheepôs blood a second time and swiped three times across the 

surface of the drywall around the handprints to create a feathering effect.  The handprints 

could be seen on the surface of the drywall, but the edges of the swipes were latent.  The 

red painted drywall was left to dry until all the bloodstains had dried, then propped 

against a wall with the Canon Rebel XTi positioned film plane parallel in front of it.  A 

series of photographs was taken using the same settings as described in 2.2.A. 

2.2.C Application Problems 

During both of the drywall trials, the bloodstain began to run as soon as the Bluestar 

was applied to the surface, ruining the bloodstain pattern.  In an attempt to stop the 

running, the process was repeated using the opposite side of the drywall pieces.  This 
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time sulfosalicylic acid was sprayed onto the surface prior to Bluestar treatment.  

Sulfosalicylic acid is a blood fixative and it was believed that the acid would stop the 

blood from running during the spray.  The running continued during these trials.  Because 

of the running of the stain, no fingerprint detail was preserved during the photographing.  

However, in order to test the viability of the HDR photography method, the images 

obtained during Part Two were input into Adobe
® 

Photoshop
® 

to create a composite HDR 

image using the same technique as described in section 2.1.D.   
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Chapter 3: Results 

Prior to the trials, a test sequence of photographs in ambient lighting were 

recorded.  It was observed that photographs more than three stops away from the correct 

exposure contained no additional detail.  Therefore, all image sequences for Part One and 

Part Two were stopped at -3 stops and +3 stops.  

 One thing to note when viewing the images in this chapter is that the dynamic 

range of printing processes is about 100:1 or less (Bloch, 2007).  This is because printing 

ink uses the CYMK system, using Cyan, Yellow, Magenta and Key (Black) for the 

primary hues.  The CYMK system covers a different area of the color gamut, and as such 

may not accurately reproduce the colors as they are viewable on a display monitor.  

3.1 Part One 

Part One used dark colored rugs with black powdered weigh boats set on the rugôs 

surface.   

3.1.A Trial O ne 

Figure 9 to Figure 12 display the under-exposure sequence of trial one.  Figure 13 

to Figure 16 show the over-exposure sequence of trial one.  Figure 17 shows the Bluestar 

exposure.  Since the Canon Rebel XTi has a maximum bulb setting of thirty seconds, this 

image is underexposed visually in order to maintain the critical comparison settings of 

ISO 100 and f/11.  Figure 18 is composite HDR Merge 1A, which was created using all 

the captured exposures, -3 to +3 stops, as well as the thirty second Bluestar exposure.  
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Once merged, the image was tone mapped to 8-bits per color channel using Adobe
® 

Photoshop
®
ôs CS4 Local Adaptation operator.  The resulting histogram is shown in 

Figure 19, along with a table of the histogram points (Table 1).   

Figure 20 is composite HDR Merge 1B.  Merge 1B was attempted using one stop 

over- and under-exposed photographs, but the +1 file had become corrupted and was 

unable to be merged.  Instead, merge 1B was created using three exposures in ambient 

light: -2 stop, 0, and +2 stop.  ñ0ò indicates the correct exposure according to the light 

meter.  Merge 1B also included the thirty second Bluestar exposure.  This was tone 

mapped using the Local Adaptation operator.  The resulting histogram is shown in Figure 

21, along with a table of the histogram points (Table 2).   

The final composite HDR merge from trial one, Merge 1C, was created using the 

minimum number of photographs to merge: -1 stop, 0, and the thirty second Bluestar 

exposure.  This was tone mapped using the Local Adaptation operator.  The resulting 

histogram is shown in Figure 23, along with a table of the histogram points (Table 3).   

Figure 24 is a close-up of the color distortion present in Merge 1B, while Figure 

25 shows that same area from Merge 1C.   

3.1.B Trial Two  

Figure 26 to 29 displays the under-exposure sequence of Trial Two.  Figure 30 to 

33 shows the over-exposure sequence of Trial Two.  Figure 34 is the thirty second 

Bluestar exposure.  Since the Canon Rebel XTi has a maximum bulb setting of thirty 

seconds, this image is underexposed visually in order to maintain the critical comparison 
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settings of ISO 100 and f/11.  Figure 35 is composite HDR Merge 2A, which was created 

using all the captured exposures, -3 to +3 stops, as well as the thirty second Bluestar 

exposure.  Once merged, the image was tone mapped to 8-bits per color channel using 

Adobe
® 

Photoshop
®
ôs CS4 Local Adaptation operator.  The resulting histogram is shown 

in Figure 36 along with a table of the histogram points (Table 4).   

Figure 37 is composite HDR Merge 2B.  Merge 2B was created using three 

ambient light exposures, -1, 0, and +1, as well as the thirty second Bluestar exposure.  

The merged image was tone mapped using the Local Adaptation operator.  The resulting 

histogram is shown in Figure 38, along with a table of the histogram points (Table 5).   

 Figure 39 is an LDR photograph of the same scene using the traditional method.  

This photograph was taken in total darkness using a thirty second shutter speed, an f/stop 

of 4.5 and ISO 400.  Halfway through the exposure, a Maglite
TM

 was flashed towards the 

ceiling to expose other areas in the photograph.  A comparison of the fingerprint detail in 

Merge 2B and the traditional method photograph is shown in Figure 40 and 41.  Both 

photographs display the fingerprint ridge detail from the weigh boat at a 200% zoom. 

3.1.C Trial Three  

Figure 42 to 45 displays the under-exposure sequence of Trial Three.  Figure 46 

to 49 shows the over-exposure sequence of Trial Three.  Figure 50 is the thirty second 

Bluestar exposure.  Since the Canon Rebel XTi has a maximum bulb setting of thirty 

seconds, this image is underexposed visually in order to maintain the critical comparison 

settings of ISO 100 and f/11 (check to make sure).  Figure 51 is composite HDR Merge 

3A, which was created using all the captured exposures, -3 to +3 stops, as well as the 
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thirty second Bluestar exposure.  Once merged, the image was tone mapped to 8-bits per 

color channel using Adobe
® 

Photoshop
®
ôs CS4 Local Adaptation operator.  The resulting 

histogram is shown in Figure 52 along with a table of the histogram points (Table 5).   

Figure 53 is composite HDR Merge 3B.  Merge 3B was created using three 

ambient light exposures, -1, 0, and +1, as well as the thirty second Bluestar exposure.  

The merged image was tone mapped using the Local Adaptation operator.  The resulting 

histogram is shown in Figure 54, along with a table of the histogram points (Table 7).   

 Figure 55 is an LDR photograph of the same scene using the traditional method.  

This photograph was taken in total darkness using a thirty second shutter speed, an f/stop 

of 4.5 and ISO 400.  Halfway through the exposure, a Maglite
TM

 was flashed towards the 

ceiling to expose other areas in the photograph.  A comparison of the fingerprint detail in 

Merge 3B and the traditional method photograph is shown in Figure 56 and 57.  Both 

photographs display the fingerprint ridge detail from the weigh boat at a 200% zoom. 

3.1.D Trial Four  

Figure 58 to 61 displays the under-exposure sequence of Trial Four.  Figure 62 to 

65 shows the over-exposure sequence of Trial Four.  Figure 66 is the thirty second 

Bluestar exposure.  In order to maximize the Bluestar detail, the Bluestar exposure was 

taken using a thirty second shutter speed, f/stop of 4.5, and an ISO of 400.  Figure 67 is 

composite HDR Merge 4A, which was created using all the captured exposures, -3 to +3 

stops, as well as the thirty second Bluestar exposure.  Once merged, the image was tone 

mapped to 8-bits per color channel using Adobe
® 

Photoshop
®
ôs CS4 Local Adaptation 
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operator.  The resulting histogram is shown in Figure 68 along with a table of the 

histogram points (Table 8).   

Figure 69 is composite HDR Merge 4B.  Merge 4B was created using five 

ambient light exposures, -2, -1, 0, +1 and +2, as well as the thirty second Bluestar 

exposure.  The merged image was tone mapped using the Local Adaptation operator.  

The resulting histogram is shown in Figure 70, along with a table of the histogram points 

(Table 9).   
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Figure 9: Two Second Exposure in Ambient Lighting 

with Brown Rug 

 

Figure 10: One Second Exposure in Ambient Lighting 

with Brown Rug (-1 stop) 

 

Figure 11: Half Second Exposure in Ambient Lighting 

with Brown Rug (-2 stops) 

 

Figure 12: One Fourth of a Second (1/4) Exposure in 

Ambient Lighting with Brown Rug ( -3 stops) 
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Figure 13: Two Second Exposure in Ambient Lighting 

with Brown Rug 

 

Figure 14: Four Second Exposure in Ambient Light 

with Brown Rug (+1 stop) 

 

Figure 15: Eight Second Exposure in Ambient 

Lighting with Brown Rug (+2 stops) 

 

Figure 16: Fifteen Second Exposure in Ambient 

Lighting with Brown Rug (+3 stops) 
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Figure 17: Thirty Second Exposure in Darkness using Bluestar on Brown Rug 
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Figure 18: Composite HDR created with -3, -2, -1, 0, +1, +2, +3 and 30" Bluestar exposure (Merge 1A) 
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Figure 19: Local Adaptation Histogram for Merge 1A 

 

Point Input (%)  Output  (%)  

1 0 0 

2 11 32 

3 22 36 

4 37 42 

5 65 49 

6 100 100 

Table 1: Histogram Points for Merge 1A 
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Figure 20: Composite HDR created with -2, 0, +2 and 30" Bluestar exposure (Merge 1B) 
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Figure 21: Local Adaptation Histogram for Merge 1B 

 

Point Input (%)  Output  (%)  

1 0 0 

2 15 25 

3 27 29 

4 40 36 

5 51 44 

6 72 47 

7 91 70 

8 100 100 

Table 2: Histogram Points for Merge 1B 
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Figure 22: Composite HDR created with -1, 0 and 30" Bluestar exposures (Merge 1C) 
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Figure 23: Local Adaptation Histogram for Merge 1C 

 

Point Input (%)  Output  (%)  

1 0 0 

2 11 32 

3 22 36 

4 37 42 

5 65 49 

6 100 100 

Table 3: Histogram Points for Merge 1C 
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Figure 24: Close-up of Color Artifacts in Merge 1B 

  

Figure 25: Close-up of Color Distortion in Merge 1C 



66 

 

  

Figure 26: Two Second Exposure in Ambient Lighting  

on Black Rug 

  

Figure 27: One Second Exposure in Ambient Lighting  

on Black Rug (-1 Stop) 

 

Figure 28: Half Second Exposure in Ambient Lighting  

on Black Rug (-2 Stops) 

 

Figure 29: One Fourth Second Exposure in Ambient 

Lighting  on Black Rug (-3 Stops) 
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Figure 30: Two Second Exposure in Ambient Lighting  

on Black Rug 

 

Figure 31: Four Second Exposure in Ambient Lighting  

on Black Rug (+1 Stop) 

  

Figure 32: Eight Second Exposure in Ambient 

Lighting  on Black Rug (+2 Stops) 

  

Figure 33: Fifteen Second Exposure in Ambient 

Lighting  on Black Rug (+3 Stops) 



68 

 

 

Figure 34: Thirty Second Exposure in Darkness using Bluestar 
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Figure 35: Composite HDR using -3, -2, -1, 0, +1, +2, +3 and 30" Bluestar (Merge 2A) 
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Figure 36: Local Adaptation Histogram for Merge 2A 

 

Point Input (%)  Output  (%)  

1 0 18 

2 9 29 

3 21 35 

4 33 44 

5 63 59 

6 76 65 

7 100 100 

Table 4: Histogram Points for Merge 2A 
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Figure 37: Composite HDR using -1, 0, +1 and 30" Bluestar (Merge 2B) 
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Figure 38: Local Adaptation Histogram for Merge 2B 

 

Point Input (%)  Output  (%)  

1 1 8 

2 12 22 

3 27 26 

4 37 29 

5 50 34 

6 71 55 

7 84 71 

8 100 100 

Table 5: Histogram Points for Merge 2B 
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Figure 39: Thirty Second Exposure in Darkness using Bluestar (Traditional Method)  
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Figure 40: Close-up of Fingerprint in Merge 2B (200% Zoom) 

 

Figure 41: Close-up of Fingerprint in Traditional Photo (200% Zoom)  
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Figure 42: Two Second Exposure in Ambient Lighting 

with Black Rug 

  

Figure 43: One Second Exposure in Ambient Lighting 

with Black Rug (-1 stop) 

  

Figure 44: Half Second Exposure in Ambient Lighting 

with Black Rug (-2 Stops) 

 

Figure 45: One Fourth Second Exposure in Ambient 

Lighting with Black Rug  (-3 Stops) 



76 

 

 

Figure 46: Two Second Exposure in Ambient Lighting 

with Black Rug 

 

Figure 47: Four Second Exposure in Ambient Lighting 

with Black Rug (+1 Stop) 

 

Figure 48: Eight Second Exposure in Ambient 

Lighting with Black Rug (+2 Stops) 

 

Figure 49: Fifteen Second Exposure in Ambient 

Lighting with Black Rug (+3 Stops) 
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Figure 50: Thirty Second Exposure in Darkness using Bluestar on Black Rug 
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Figure 51: Composite HDR using -3, -2, -1, 0, +1, +2, +3 and 30" Bluestar exposures (Merge 3A) 
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Figure 52: Local Adaptation Histogram for Merge 3A 

 

Point Input (%)  Output  (%)  

1 0 25 

2 9 26 

3 14 29 

4 20 31 

5 27 32 

6 33 31 

7 43 30 

8 66 49 

9 83 65 

10 100 100 

Table 6: Histogram Points for Merge 3A 
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Figure 53: Composite HDR Image using -1, 0, +1 and 30" Bluestar exposures (Merge 3B) 
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Figure 54: Local Adaptation Histogram for Merge 3B 

 

Point Input (%)  Output  (%)  

1 0 22 

2 6 27 

3 12 29 

4 19 32 

5 26 35 

6 40 35 

7 49 43 

8 73 57 

9 83 62 

10 100 82 

Table 7: Histogram Points for Merge 3B 
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Figure 55: Thirty Second Exposure in Darkness using Bluestar (Traditional Method)  
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Figure 56: Fingerprint Close-up from Merge 3B (200% Zoom) 

  

Figure 57: Fingerprint Close-up from Traditional Method (200% Zoom)  
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Figure 58: Point Seven Second Exposure in Ambient 

Lighting  on Brown Rug 

  

Figure 59: Point Three Second Exposure in Ambient 

Lighting  on Brown Rug (-1 Stop) 

  

Figure 60: One Sixth Second Exposure in Ambient 

Lighting  on Brown Rug (-2 Stop) 

  

Figure 61: One Tenth of a Second Exposure in 

Ambient Lighting  on Brown Rug (-3 Stops) 
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Figure 62: Point Seven Second Exposure in Ambient 

Lighting  on Brown Rug 

  

Figure 63: One and a Half Second Exposure in 

Ambient Lighting  on Brown Rug (+2 Stops) 

  

Figure 64: Three Second Exposure in Ambient 

Lighting  on Brown Rug (+3 Stops) 

  

Figure 65: Six Second Exposure in Ambient Lighting  

on Brown Rug (+3 Stops) 
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Figure 66: Thirty Second Exposure in Darkness with Bluestar on Brown Rug 
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Figure 67: Composite HDR using -3, -2, -1, 0, +1, +2, +3, and 30" Bluestar exposures (Merge 4A) 
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Figure 68: Local Adaptation Histogram for Merge 4A 

 

Point Input (%)  Output  (%)  

1 0 0 

2 14 27 

3 27 37 

4 48 47 

5 70 55 

6 84 68 

7 100 100 

Table 8: Histogram Points for Merge 4A 


































